Widths of K-nuclear deeply bound states in a dynamical model
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Abstract

The relativistic mean field (RMF) model is applied to a system of nucle-
ons and a K meson, interacting via scalar and vector boson fields. The model
incorporates the standard RMF phenomenology for bound nucleons and, for
the K meson, it relates to low-energy KN and K~ atom phenomenology.
Deeply bound K nuclear states are generated dynamically across the periodic
table and are exhibited for 12C and 180 over a wide range of binding energies.
Substantial polarization of the core nucleus is found for these light nuclei.
Absorption modes are also included dynamically, considering explicitly the
reduced phase space for K absorption from deeply bound states. The behav-
ior of the calculated width as function of the K binding energy is studied in

order to explore limits on the possible existence of narrow K nuclear states.

PACS: 13.75.Jz, 25.80.Nv, 36.10.Gv
Keywords: K nuclear interaction, K nuclear deeply bound states
Corresponding author: Avraham Gal, avragal@vms.huji.ac.il
tel: +972 2 658 4930, fax: +972 2 561 1519
July 21, 2004

’?hﬁg, | edr, B 606 (2008) 235




\. MoTIVATIOU

° S'\‘Wn athaaekve KN inderoekon
(A(\uos 23 NN below W p Hheghold, )

® _C.-h-o y‘m \<— ruelurs (ndoraclion
(stouguleRokion ¢ m\iﬁom kg

?&VOP*.NJS"O QOONUU ?Q_Vl" = S0- GOW
PMMNM[O@& oﬂmmﬁ vy amphjlwb.
ROWF I *+ Coupled channtl. approach

V

2 2 7 - udbon daphy bownd ghoked

(und_,(h L - axe Ha Pogg\w g bl suﬁ-\aev\'ﬂi& haxroy
bo allow datehown awd vdamb ficaen )

® ’F\nmﬂa {ew bd'dl/& &laﬁim& Pp\d e lC. "PPE SR -
o LMSL Po(.o..h‘).o.&\m« QM (@m -—8 x% ) Yéﬁu&&# ymg

« B 2 looT/ "‘-R’-ZO-ZKHeV

® E xpomwand:

¢ e (e, p) ( WEX-PQ, E4IA)

! P0(um,nY  (BNL-AGY, pararle £910)

° el pY (ke TS, pamarie EE2Y)
FINUDA  (PRU A4 (005) 42302

* OUR AIM:; To Q!-uabk dgmwcaie Q fn\r*
dﬂ'elo"‘& bownd K stelee - mankoﬁm undbh g
o Sueh stade (n partoulor,




. MODEL

Relobvthe Mean Fied wwdel dov & tyddem
0{— rueleaws + K C,lAJ.uraLe)Hv\% Hhvough e T )W, -
bo Soan 8\'&(&&:

L By My
*RNFE &Wv\g{av\ &\, : Lenaan (W) and non U waar (UL\

pa-ramﬂuﬂob\ = dijlervent &ﬁn&ﬁb{u& of the W“""'&MC"“)

o (AVTV)KAON Uncerporalid by &
°((p\< = QS;{ EQ)HK - W\E&RK - %GKW\KQ'\(K

* Nucleonul., +he 0\’\‘%{\@2 Comnelean m} i-m-w\ o.&
Dl eq. (@ hot aflected \o% &
* MEQonR (T w -..):
(-a +m$)Q‘ e gqm@s - gcrk“"KEK e ("8?-“-:}“\_?3@'&)
(-5 + m&) My = 600\1@\! “Qawv_ (wld‘“gwk"uo) W
\N\'\'Nt_ W\ = Vmi-\-@kw\,‘w .\.PE— —’%wkwo
(A« mg)e, = gen 2

=N 'ko = QQ'P




e K.G.ek f-w 'Y
[A B 2(‘*, (B + V°P+ + Vc_) 1—@0_-\-3)2142: O
Ve = Coulamb GPO\W‘HQQ) = K —vwmekus Yedueed mags,
B=Co\meé5 va\dAlk ey -
*Re Vopt = - (49 v 4

2MK

(g-= %u-!(r) V= awkUUoB

Q it o DYUAMICAL quankty affeckd Lo
o W nbtrvackon with wacon s

° Th;sv‘ahm 4 cowpled. €4e, wal g0 vk Reﬁrffoh&f&%&&a
- (YoraRons I

V

Crucial for Yoo o evelinakon 4 e dﬂw

e@@-v(& 4»’5 on Y wudean wre and \ne weuta,

boteE: i Cow?bt)v\& o*(. 4+ Q M%,_dio{
(V=2 vneled sbwdied : "'C,"’O\“”ca' Wk p),)




o 84 - supperion feckin
From phate -gpace een RdovTRont
(astwrmng 2oy, \civamokiey + Talking wﬁﬂ acoomnt 'ij

A) T ConmNnown (~ 80"/.)
KN — TS (=400 D.W) TA (=A% M)
- Mi Rt {TH2 - (g amy I TME- (me-rrYd o O3

EMei = (my 4m 1 CMe - (wy-mm)d
H0|= W‘E‘i'mu) M| Mo\—"BK

2) Yenpdowie mode (a:'Lo%)
KN = YN (Y=AZT)

e [T (o TMi- (me-m]'
T MR | DMy (e m 1Mo ~(my -w]

Moo = Mig +2m-) Mq= Hoq_j"“gk

DMy

° = + 0,2 o c.ou ratio
A +2) => Q‘@ O&sz-!L We‘o_ (&n V:Z\EQN“?%[;

charaor ewep. )




. RESULTS
(CQ%O%Q} o{’ '?—C') léoJ CQOC"'JM%.\
rrosiy & Un Ay vhete)
AM= eshblith corvelobhony botueen ¢ binds ereryy,
unddn ; o pnpwh'q (QW d.mhh'h% _q?:%QZOW‘
cmne Mu&) Q'P' mw'ﬂ) A
/
wnde range 44. RZ veved

crytus (A48 T oy 2O P8 o o
N
atoen dota, (e Vo, ~ 4502200 Cukl )
dyna ricol clowd. => Re\/p Y0 & 0 ReVajom
S Sealed, down to S =0 Hhew oy, Caaldl wnhe
K wn bouwnd

o dodus £ frowm ffs T kaonie atom datwe,

OLHWX RUW (L) + (ai‘ffﬁ.fazmd&u)‘\@) w have

£ frow chiral BV awmplitndes (e Voo, = T0-60 Mak))
h

N

A fixed | g QCo.&de




FIGURES
1.00 ; . 1
5 080 ImV suppression g
& 0.60 r .
Q. 0.40 t h
! _
@ 0.20 J
0.00 oy 5 i ’ = " i
r:»ria”u*aﬂhb. 16 4
O*K™
S100fF .
) o
S %
'« 50 b !
- et e g, ,
%&maaoamm =
0 = | | i 1 {
_ 150 288 ¢ CrK 4
> [ o ‘
s 100 - * “
= gl i ]
— 3 Yetatetp 7
[ *etp? *'%:G»d%ﬁ
0 | tvewesoomeed
0 100 200 300
B~ (MeV)

FIG. 1. Phase-space suppression factor for the imaginary potential (top), and widths of the 1s
K~-nuclear state (middle: in *°0, bottom: in 12C) as function of the K~ binding energy (see text
for symbols).
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FIG. 2. Average nuclear density, nuclear rms radius and neutron single-particle energies for
2C. Symbols are as in Fig. 1.
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TABLES

TABLE I. K~ bound-state spectra in 180 calculated for several RMF (NL) Lagrangians
specified by different coupling-constant ratios o, = g/ B’EF)( and o, = gwx/gﬁ-. The static

average density for 180 is p = 0.100 fm~3.

oy ay nl Bg- (MeV) Tx- (MeV) p (fm~=3)
0.45 1 1s 196.1 35.0 0.133
1p 82.2 83.0 0.127
2s 3.7 89.9 0.111
0.05 1 1s 133.9 38.7 0.127
1p 50.6 119.0 0.120
0 0.85 1s 90.2 64.2 0.121
1p 23.8 124.5 0.115
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